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ANTENNA MODULE AND ELECTRONIC
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2015-187654 filed on Sep. 23, 2015

and 1s a Continuation Application of PCT Application No.
PCT/IP2016/074576 filed on Aug. 24, 2016. The entire

contents of each application are hereby incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna module
including a radiating element and an electronic device
including the antenna module.

2. Description of the Related Art

An antenna with a transmission line disclosed 1n Interna-
tional Publication No. 2011/021677 1s known as an inven-
tion related to an antenna module.

International Publication No. 2011/021677 discloses an
antenna module including a radiating element and a trans-
mission line portion that are integrally formed on a multi-
layer body obtained by stacking insulation sheets having
flexibility. In the antenna module disclosed 1n International
Publication No. 2011/021677, the multilayer body, which 1s
the main body of the antenna module, 1s obtamned by
stacking the insulation sheets having tlexibility, and accord-
ingly, the transmission line portion can easily deform into a
shape following a space for the location of installation.

However, since the multilayer body as a whole has
flexibility, not only the transmission line portion, but also a
radiating-element defining portion easily deforms. This 1s a
problem to be solved in view of stability of the electrical
characteristics of the antenna. That 1s, 1n the case where the
radiating-clement defining portion deforms from a flat shape
to a given shape and the shape 1s stable, antenna character-
1stics 1n this state can be designed. However, for example, 1n
the case where the radiating-clement defining portion
deforms in accordance with the state of installation 1n a
housing, the antenna characteristics varies depending on the
accuracy ol installation.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
antenna modules that significantly reduce or prevent varia-
tions 1n antenna characteristics due to unintentional defor-
mation of the radiating-element defimng portion, while
maintaining the flexibility of the transmission line portion,
and electronic devices including the antenna modules.

An antenna module according to a preferred embodiment
of the present invention includes a resin multilayer substrate
including a plurality of base materials having flexibility. The
resin multilayer substrate includes a rigid portion at which a
first number ol stacked layers of the base materials 1s
relatively large and a flexible portion at which a second
number of stacked layers of the base materials 1s relatively
small. A radiating element defined by a conductor pattern 1s
provided at the rigid portion. A transmission line defined by
a conductor pattern and electrically connected to the radi-
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ating element 1s provided at the flexible portion. A frame-
shaped conductor that surrounds the radiating element when
viewed 1n a direction 1n which the base materials are stacked
1s provided at either the rigid portion or the flexible portion,
or both the rigid portion and the flexible portion.

With the structure described above, the radiating element
1s provided at the rigid portion at which the first number of
stacked layers of the base materials 1s relatively large, and
the frame-shaped conductor that surrounds the radiating
clement when viewed i1n a direction i which the base
materials are stacked i1s provided at the resin multilayer
substrate. Accordingly, unprepared deformation of the radi-
ating element 1s able to be significantly reduced or pre-
vented.

The transmission line preferably includes a ground con-
ductor and a signal line, and the radiating element 1is
preferably provided at one of the base materials diflerent
from one of the base materials at which the signal line 1s
formed, for example. A first interlayer connection conductor
that electrically connects the signal line and the radiating
clement to each other 1s preferably provided in the rigid
portion, for example. The first interlayer connection con-
ductor 1s preferably non-linear, for example.

With the structure described above, the first interlayer
connection conductor has pliability or elasticity and thus
damage to the first interlayer connection conductor by an
internal stress due to a bend of the rigid portion 1s able to be
significantly reduced or prevented. The longer the length of
the first interlayer connection conductor and the higher the
self-induction of the first interlayer connection conductor,
the higher the inductance of the first interlayer connection
conductor. Consequently, the first interlayer connection con-
ductor defines and functions as an inductance element
clectrically connected to a feed point of the radiating ele-
ment and 1s able to be used as a portion of an antenna
matching circuit.

A second interlayer connection conductor that electrically
connects the ground conductor and the radiating element to
cach other 1s preferably provided in the nigid portion, for
example. The second interlayer connection conductor is
preferably non-linear, for example. In this case, the second
interlayer connection conductor has pliability or elasticity
and thus damage to the second interlayer connection con-
ductor by an internal stress due to a bend of the rigid portion
1s able to be significantly reduced or prevented.

The flexible portion preferably bends, for example.
Accordingly, the antenna module 1s able to be readily
istalled, for example, 1 a limited space 1n a housing.

The ngid portion preferably bends in a first direction 1n
which the transmission line extends or a second direction
perpendicular or substantially perpendicular to the first
direction, for example. The rigid portion 1s able to be bent
in advance to follow the shape of the location of 1nstallation.
Accordingly, the antenna module 1s able to be easily
installed. In addition, variations in the antenna characteris-
tics due to the deformation of the rigid portion during
installing are able to be significantly reduced or prevented.

The tlexible portion preferably includes a matching circuit
of an antenna including the radiating element, for example.
Thus, the impedance of the antenna attributed to the radi-
ating element 1s able to be matched with the characteristic
impedance of the transmission line by using the matching
circuit of the antenna. Accordingly, the radiating element 1s
able to be readily and easily designed. In addition, a return
loss due to impedance mismatching is significantly reduced
or prevented and the etliciency of the antenna 1s able to be
improved.
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An electronic device according to a preferred embodiment
of the present invention includes the antenna module as
described above, a circuit substrate at which a high-fre-
quency circuit electrically connected to the antenna module
1s disposed, and a housing accommodating the antenna
module and the circuit substrate.

The structure described above provides an electronic
device in which the antenna module 1s 1nstalled 1n a limited
space 1n the housing with stable characteristics.

According to various preferred embodiments of the pres-
ent 1nvention, antenna modules that significantly reduce or
prevent variations in the antenna characteristics due to
unintentional deformation of the radiating-element defining,
portion while maintaining the flexibility of the transmission
line portion are obtained, and electronic devices including

the antenna modules are obtained.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an antenna module
according to a first preferred embodiment of the present
invention.

FIG. 2 1s a perspective view ol an antenna module
according to the first preferred embodiment of the present
invention in a state where cover lays and a connector are
disposed on the antenna module.

FIG. 3 1s an exploded perspective view of the antenna
module shown i FIG. 1.

FIG. 4 1s a plan view of a portion of the antenna module
shown 1n FIG. 1.

FIG. 5 1s a sectional view of the antenna module shown
in FIG. 1.

FIG. 6A 1s a sectional view of a simplified electrical
structure of a radiating element and a transmission line of the
antenna module shown 1 FIG. 1.

FIG. 6B 1s a configuration diagram of an antenna includ-
ing the radiating element and a first ground conductor of the
antenna module shown 1n FIG. 1.

FIG. 7 1s a perspective view of an antenna module
according to a second preferred embodiment of the present
invention.

FIG. 8 1s an exploded perspective view of the antenna
module according to the second preferred embodiment of
the present invention.

FIGS. 9A and 9B are sectional views of a portion of the
antenna module shown 1 FIG. 7.

FIG. 10 1s an exploded perspective view of an antenna
module according to a third preferred embodiment of the
present invention.

FIG. 11A 1s a front view of an antenna module according,
to a fourth preferred embodiment of the present invention.

FIG. 11B 1s a front view of the antenna module shown in
FIG. 11A 1n a state where a rnigid portion bends.

FI1G. 12 shows the structure of an antenna module accord-
ing to a fifth preferred embodiment of the present invention
and a principal portion of an electronic device including the
antenna module.

FIG. 13 shows the structure of an antenna module accord-
ing to a sixth preferred embodiment of the present invention
and a principal portion of an electronic device including the
antenna module.
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DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Specific examples will heremnafter be provided with ref-
erence to the drawings to describe preferred embodiments of
the present invention. In the drawings, like components are
designated by like reference signs. In consideration for
description of main points and understandability, the pre-
ferred embodiments are separately described for conve-
nience. However, structures described in different pretferred
embodiments are able to be partially replaced or combined.
In second and following preferred embodiments, description
of common features and elements to those 1n a first preferred
embodiment 1s omitted, and only different features and
clements are described. In particular, the same or similar
cllects achieved by the same or similar structure are not
repeated 1n each preferred embodiment.

First Preferred Embodiment

According to a first preferred embodiment of the present
invention, an antenna module having a basic structure and
including a transmission line and a radiating element 1s
described below.

FIG. 1 1s a perspective view of an antenna module 101
according to the first preferred embodiment. FIG. 2 1s a
perspective view of an antenna module 1015 1n a state where
cover lays 21 and 22 and a connector 30 are disposed on the
antenna module 101.

As shown 1n FIG. 1, the antenna module 101 includes a
resin multilayer substrate 10. The resin multilayer substrate
includes a rigid portion RP that i1s relatively hard and a
flexible portion FP that 1s relatively flexible or soft. A
radiating element 1 defined by a conductor pattern 1s pro-
vided on the rigid portion RP. A transmission line electrically
connected to the radiating element 1 1s provided at the
flexible portion FP. A frame-shaped conductor 5 that sur-
rounds the radiating element 1 1 plan view 1s provided in a
boundary area between the rigid portion RP and the flexible
portion FP. The rigidity of the rigid portion RP 1s relative,
which means that the rigid portion RP 1s less tlexible than the
flexible portion FP. Accordingly, the rigid portion RP may
have some flexibility and 1s a portion that may bend.

In a state shown 1n FIG. 1, a second ground conductor and
a connector connecting conductor 6 of the transmission line
are exposed from the upper surface of the antenna module
101. The antenna module 1015 with a connector preferably
includes the connector 30 that is electrically connected to the
second ground conductor 4 and the connector connecting
conductor 6 and the cover lays 21 and 22 coated on the upper
surface of the resin multilayer substrate 10.

FIG. 3 1s an exploded perspective view of the antenna
module 101. FIG. 4 1s a plan view of a portion of the antenna
module 101. FIG. 5 1s a sectional view of the antenna
module 101.

The resin multilayer substrate 10 shown mm FIG. 1
includes base matenials 11, 12, 13, and 14 having flexibility.
The flexible portion FP corresponds to a portion at which the
base materials 11, 12, and 13 are stacked, and the rigid
portion RP corresponds to a portion at which the base
materials 11, 12, 13, and 14 are stacked. Each of the base
materials 11, 12, 13, and 14 preferably 1s a thermoplastic
resin such as a liquid-crystal polymer (LLCP) and has flex-
ibility. The total thickness of the stack varies depending on
the total number of stacked layers of the base materials. The
rigid portion RP corresponds to a portion with a greater total
thickness, and the flexible portion FP corresponds to a
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portion with a thinner total thickness. Copper fo1l conductor
patterns patterned by photolithography are formed on the
base matenials 11, 12, 13, and 14. The conductor patterns are
not limited to copper foil conductor patterns and may be
conductor patterns of another metallic foil, for example.

A signal line 2 1s provided on the base material 12. A first
ground conductor 3 1s provided on the base material 11. The
second ground conductor 4 1s provided on the base material
13. Interlayer connection conductors V341, V343, V345,
and V347 are provided in the base material 13. Interlayer
connection conductors V342, V344, V346, and V348 are
provided 1n the base material 12. The first ground conductor
3 and the second ground conductor 4 are electrically con-
nected to each other with the iterlayver connection conduc-
tors V341, V343, V345, V347, V342, V344, V346, and
V348 interposed therebetween. The signal line 2 1s inter-
posed between the first ground conductor 3 and the second
ground conductor 4. The first ground conductor 3, the
second ground conductor 4, and the signal line 2 define the
transmission line with a stripline structure.

Interlayer connection conductors V121 and V131 are
provided 1n the base maternial 14. Interlayer connection
conductors V122 and V132 are provided 1in the base material
13. An interlayer connection conductor V133 is provided 1n
the base material 12. A first end portion of the signal line 2
1s electrically connected to the feed point of the radiating
clement 1 with the interlayver connection conductors V122
and V121 interposed therebetween. A ground point of the
radiating element 1 1s electrically connected to the first
ground conductor 3 with the interlayer connection conduc-
tors V131, V132, and V133 interposed therebetween.

An mterlayer connection conductor V26 1s provided 1n the
base material 13. A second end portion of the signal line 2
1s electrically connected to the connector connecting con-
ductor with the interlayer connection conductor V26 inter-
posed therebetween.

The frame-shaped conductor 5 that surrounds the radiat-
ing element 1 when viewed 1n the direction 1n which the base
materials 11 to 14 are stacked 1s provided on the base
material 13. The frame-shaped conductor 5§ 1s electrically
1solated from the radiating element 1, the signal line 2, and
the ground conductors 3 and 4.

The base materials shown in FIG. 3, on which the
corresponding conductor patterns are provided, are stacked
and subjected to hot pressing to form the antenna module
101 shown 1n FIG. 1. The cover lays 21 and 22, for example,
solder resists, are subsequently coated as desired. The con-
nector 30 1s attached to the connector connecting conductor
6 and the second ground conductor 4, to provide the antenna
module 1015 shown 1n FIG. 2.

With the structure described above, the radiating element
1 1s provided on the rigid portion and surrounded by the
frame-shaped conductor 1n plan view. Accordingly, defor-
mation of the radiating element 1s significantly reduced or
prevented. In addition, the frame-shaped conductor 5§ does
not block or scarcely blocks an electric field produced
between the radiating element 1 and the first ground con-
ductor 3. Accordingly, the frame-shaped conductor S does
not significantly degrade the antenna characteristics.

FIG. 6A 1s a sectional view of a simplified electrical
structure of the radiating element and the transmission line
of the antenna module 101. FIG. 6B 1s a configuration
diagram of an antenna defined by the radiating element 1 and
the first ground conductor of the antenna module 101.

As shown 1n FIG. 6B, the antenna defines and functions
as a plate-shaped mverse F antenna (PIFA) in which a
portion of the edge of the radiating element 1 1s grounded
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and power 1s supplied through the feed point. As shown 1n
FIG. 6A, the ground conductor of the plate-shaped inverse

F antenna (PIFA) and the first ground conductor 3 of the
transmission line are in the same layer (at the same or
substantially the same height position). A height H1 from the
signal line 2 to the radiating element 1 1s greater than a
height H4 from the signal line 2 to the second ground
conductor 4. With this structure, for example, a capacitance
between the radiating element 1 and the first ground con-
ductor 3 1s able to be adjusted while the characteristic
impedance of the transmission line 1s maintained at or near
a predetermined value. In the case where H1>H4 holds, a
predetermined length of each of the interlayer connection
conductors V121 and V122 i1s ensured, and an inductance
component 1s applied to a power supply passage to the feed
point of the radiating element 1. The inductance component
attributed to the interlayer connection conductors is able to
be used as a portion of an antenna matching circuit.

Second Preferred Embodiment

According to a second preferred embodiment of the
present mvention, an antenna module in which an antenna
matching circuit 1s actively disposed 1n the resin multilayer
substrate 10 1s described below.

FIG. 7 1s a perspective view ol an antenna module 102
according to the second pretferred embodiment. FIG. 8 1s an
exploded perspective view of the antenna module 102
according to the second preferred embodiment. FIGS. 9A
and 9B are sectional views of a portion of the antenna
module 102.

The structure of a portlon at which base materials 14, 15,
and 16 are stacked 1s a difference from the antenna module
101 according to the first preferred embodiment shown 1n
FIG. 3.

The resin multilayer substrate 10 includes the base mate-
rials 11,12, 13, 14, 15, and 16 having flexibility. The flexible
portion FP corresponds to a portion at which the base
materials 11, 12, and 13 are stacked, and the rigid portion RP
corresponds to a portion at which the base materials 11, 12,
13, 14, 15, and 16 are stacked.

FIG. 9A 1s a sectional view of a portion including a first
interlayer connection conductor V1 that electrically con-
nects the first end portion of the signal line 2 and the feed
point of the radiating element 1 to each other. As shown in
FIG. 9A, interlayer connection conductors are provided 1n
the respective base materials 13, 14, 15, and 16 and the first
interlayer connection conductor V1 includes these interlayer
connection conductors.

FIG. 9B 1s a sectional view of a portion including a second
interlayer connection conductor V2 that electrically con-
nects the first ground conductor and the ground point of the
radiating element 1 to each other. As shown in FIG. 9B,
interlayer connection conductors are provided in the respec-
tive base materials 12, 13, 14, 15, and 16. The second
interlayer connection conductor V2 includes these interlayer
connection conductors.

As shown in FIG. 9A, the first interlayer connection
conductor V1 extending through the base matenals 13, 14,
15, and 16 1s non-linear. That 1s, the first interlayer connec-
tion conductor V1 does not extend straight with respect to
the direction 1n which the base materials are stacked. With
this structure, the first iterlayer connection conductor V1
has plability or elasticity and thus damage to the first
interlayer connection conductor by an internal stress due to
a bend of the rigid portion 1s able to be significantly reduced
or prevented. The longer the length of the first interlayer
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connection conductor V1 and the higher the self-induction
of the first interlayer connection conductor V1, the higher
the mductance of the first interlayer connection conductor
V1. Consequently, the first interlayer connection conductor
V1 defines and functions as an inductance element electri-
cally connected to the feed point of the radiating element 1
and 1s able to be used as a portion of the antenna matching
circuit.

As shown 1 FIG. 9B, the second interlayer connection
conductor V2 extending through the base materials 12, 13,
14, 15, and 16 1s non-linear. That 1s, the second interlayer
connection conductor V2 does not extend straight with
respect to the direction in which the base materials are
stacked. Thus, the second interlayer connection conductor
V2 has pliability or elasticity and thus damage to the second
interlayer connection conductor by an internal stress due to
a bend of the rigid portion 1s able to be significantly reduced
or prevented.

The first interlayer connection conductor V1 and the
second interlayer connection conductor V2 may have a
longitudinal section, for example, 1n a shape of a meander
line. The first interlayer connection conductor V1 and the
second 1nterlayer connection conductor V2 may be three-
dimensional, for example, a helical structure whose axis
coincides with the direction in which the base materials are
stacked. These shapes allow the inductance component to
increase.

Third Preferred Embodiment

According to a third preferred embodiment of the present
invention, an example of an antenna module 1including an
antenna matching circuit 1s described below.

FIG. 10 1s an exploded perspective view of an antenna
module 103 according to the third preferred embodiment. In
contrast to the antenna module 102 according to the second
preferred embodiment shown 1n FIG. 8, the antenna module
103 according to the third preferred embodiment includes an
antenna matching circuit MC with electronic components 23
that are separated from the base materials and the conductor
patterns provided on the base materials. The antenna module
103 also differs from the antenna module 102 in that the
signal line 1s divided at a middle position thereof.

Signal lines 2A and 2B are provided on the base material
12. The electronic components 23 are mounted on the base
material 13. The electronic components 23 are reactance
clements and are electrically connected between the second
ground conductor 4 and the signal lines 2A and 2B and
between the signal lines 2A and 2B. The antenna matching,
circuit MC 1s, for example, a LC low pass filter type circuit,
a T-type circuit, or a n-type circuit that includes an inductor
and a capacitor. The antenna matching circuit MC may be
defined by only the electronic components 23 or may be
defined by the electronic components 23 combined with a
LC element including conductor patterns and interlayer
connection conductors that are provided at the base mate-
rials, for example.

According to the third preferred embodiment, the imped-
ance of the antenna attributed to the radiating element 1 1s
able to be matched or substantially matched with the char-
acteristic impedance of the transmission line by using the
antenna matching circuit MC including the separated elec-
tronic components 23, and accordingly, the radiating ele-
ment 1 1s able to be readily designed. A return loss due to
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impedance mismatching 1s significantly reduced or pre-
vented and the efliciency of the antenna 1s able to be

improved.

Fourth Prefterred Embodiment

According to a fourth preferred embodiment of the pres-
ent invention, an antenna module 1n which the rigid portion
bends 1s described below.

FIG. 11A 1s a front view of an antenna module 104
according to the fourth preferred embodiment. FIG. 11B 1s
a front view of the antenna module 104 1n a state where the
rigid portion RP bends.

The structure of the antenna module 104 1s the same or
substantially the same as the structure of any one of the
antenna modules 101 to 103 according to the first to third
preferred embodiments. The base materials are thermoplas-
tic resins such as liqud-crystal polymers (LCP), although
the rigid portion RP 1s harder than the flexible portion FP.
Accordingly, the rigid portion RP 1s able to be plastically
deformed from a state in FIG. 11 A to a state in FIG. 11B,
with the rigid portion RP being subjected to a bending
process while being heated, and the shape 1s able to be
maintained after slow cooling. The frame-shaped conductor
5 which has a Young’s modulus larger than that of the base
materials enhances the eflect of maintaining the shape. For
example, 1n the case where the base materials are liquid-
crystal polymers, the Young’s modulus 1s about 1 GPa, and
in the case where a metal of which the frame-shaped
conductor 1s composed 1s Cu (copper foil), the Young’s
modulus 1s about 130 GPa. The portion at which the
frame-shaped conductor 5 1s provided 1s harder than the
portion including only the base materials. The frame-shaped
conductor 5 thus defines and functions as a hard member,
and accordingly, the effect of maintaining the shape 1s higher
than 1n the case where there 1s no frame-shaped conductor 5.

In the case where the ngid portion RP 1s thus bent 1n
advance to follow the shape of the location of installation,
the antenna module 104 1s able to be readily installed
therein. In addition, variations 1n the antenna characteristics
due to the deformation of the rigid portion RP during
installing are able to be significantly reduced or prevented.

Fifth Preferred Embodiment

According to a {ifth preferred embodiment of the present
invention, an antenna module 1n which the flexible portion
bends and an electronic device including the antenna module
1s described below.

FIG. 12 shows the structure of an antenna module 105
according to the fifth preferred embodiment and a principal
portion of an electronic device 2035 including the antenna
module. The structure of the antenna module 103 1s the same
or substantially the same as the structure of any one of the
antenna modules 101 to 103 according to the first to third
preferred embodiments.

A receptacle 31 of a coaxial connector and electronic
components 41 are mounted on a circuit substrate 40. A
high-frequency circuit, for example, a power supply circuit,
1s provided on the circuit substrate 40. The antenna module
105 1s electrically connected with the connector (plug) 30
being attached to the receptacle 31.

A housing 50 of the electronic device 1s a resin housing
that includes no metallic portion at least mn a location
adjacent to or in a vicinity of the radiating element 1.

The flexible portion FP 1s able to be bent without being
heated. However, previous molding with a press molding
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machine eliminates the need of molding during installation
in the housing of the electronic device.

Sixth Preferred Embodiment

According to a sixth preferred embodiment of the present
invention, an antenna module 1n which the rigid portion and
the tlexible portion bend and an electronic device including
the antenna module 1s described below.

FIG. 13 shows the structure of an antenna module 106
according to the sixth preferred embodiment and a principal
portion of an electronic device 206 including the antenna
module. The structure of the antenna module 106 1s the same
or substantially the same as the structure of any one of the
antenna modules 101 to 103 according to the first to third
preferred embodiments. The structure of the circuit substrate
40 and a joint structure with the circuit substrate 40 are the
same or substantially the same as those of the electronic
device 205 according to the fifth preferred embodiment.

The rigid portion RP of the antenna module 106 1s bent in
advance to follow the shape of the imner surface of the
housing 50. With this structure, the antenna module 106 1s

able to be readily installed 1n a limited space 1n the housing
50.

Other Preferred Embodiments

In the examples shown 1n, for example, FIG. 1 and FIG.
3, the frame-shaped conductor 5 1s preferably provided 1n a
boundary area between the rigid portion RP and the flexible
portion FP. However, the entire frame-shaped conductor 5
may be located within the ngid portion RP, for example.
Alternatively, the entire frame-shaped conductor 5 may be
located within the flexible portion FP, for example.

In the case where the frame-shaped conductor 5 extends
over the rigid portion RP and the flexible portion FP, the
rigid portion RP and the flexible portion FP are able to be
plastically processed nto a desired shape also by using the
plastic deformation of the frame-shaped conductor S, for
example. Thus, the boundary between the rigid portion RP
and the flexible portion FP, on which a stress 1s likely to
concentrate due to a step thereof, 1s unlikely to be subjected
to a stress due to a geometric mismatch. In addition, even in
the case where the boundary 1s subjected to the stress, the
frame-shaped conductor 5 1s able to define and function as
a reinforcement.

In the examples shown 1n, for example, FIG. 1 and FIG.
3, the frame-shaped conductor 5 preferably has a square
frame shape and surrounds the radiating element 1 over the
entire circumierence in plan view. However, the pattern of
the frame-shaped conductor may not close in the circum-
terential direction but may be partially open, for example.
That 1s, the frame-shaped conductor 5 may have a shape that
encompasses a portion of the entire circumierence of the
radiating element 1 1n plan view, for example.

In the examples shown 1n, for example, FIG. 1 and FIG.
3, the ngid portion RP and the flexible portion FP have
substantially the same or substantially the same width in the
direction perpendicular or substantially perpendicular to the
direction 1n which the transmission line extends. However,
the width of the flexible portion FP may be less than the
width of the rigid portion RP, for example. In consideration
for the antenna characteristics, the radiating element 1
provided on the rigid portion RP 1s preferably provided with
a predetermined area or width. However, even 1n the case
where the transmission line provided at the flexible portion
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FP 1s thin, the transmission line 1s able to be provided with
a predetermined impedance and a low loss of transmission,
for example.

In the examples shown 1n, for example, FIG. 1 and FIG.
3, the frame-shaped conductor 5 1s a copper foil pattern as
in the case of the other conductor patterns such as the second
ground conductor 4. However, the frame-shaped conductor
5 may be made of, for example, a material different from that
of the other conductor patterns. For example, the frame-

shaped conductor 3 may be made of a hard metallic plate
such as stainless steel.

In the examples shown 1n, for example, FIG. 1 and FIG.
3, the frame-shaped conductor 3 1s electrically 1solated from
the radiating element 1, the signal line 2, and the ground
conductors 3 and 4. However, the frame-shaped conductor 5
may be electrically connected to the ground conductors, for
example, to control the directivity of the antenna.

In the examples shown 1n FIG. 11A to FIG. 13, the rnigid
portion RP or the flexible portion FP bends such that the
direction 1n which the transmission line extends curves.
However, the rigid portion RP and the flexible portion FP
may bend such that the direction perpendicular or substan-
tially perpendicular to the direction 1n which the transmis-
sion line extends curves, for example.

Finally, the preferred embodiments of the present mnven-
tion are described above by way of example 1n all aspects
and are not restrictive. It 1s possible for a person skilled 1n
the art to make a vanation and a modification appropnately.
For example, the structures described in the different pre-
ferred embodiments are able to be partially replaced or
combined. The scope of the present invention 1s not shown
by the above preferred embodiments but 1s shown by the
scope of claims. It 1s imtended that the scope of the present
invention contains all modifications having the same content
and range as the scope of claims.

While preferred embodiments of the present imvention
have been described above, i1t 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. An antenna module comprising:

a resin multilayer substrate including a plurality of base
materials that are flexible;

wherein the resin multilayer substrate includes a rigid
portion and a flexible portion;

a first number of stacked layers of the base materials at the
rigid portion 1s larger than a second number of stacked
layers of the base materials at the flexible portion;

a radiating element including a conductor pattern 1s
provided at the ngid portion;

a transmission line including a conductor pattern and
clectrically connected to the radiating element 1s pro-
vided at the flexible portion; and

the rnigid portion bends.

2. The antenna module according to claim 1, wherein

the transmission line includes a ground conductor and a
signal line, and the radiating element 1s provided at one
of the base matenals different from one of the base
materials at which the signal line 1s provided;

a first interlayer connection conductor that electrically
connects the signal line and the radiating element to
cach other 1s provided 1n the rigid portion; and

the first interlayer connection conductor 1s non-linear.
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3. The antenna module according to claim 2, wherein

a second interlayer connection conductor that electrically
connects the ground conductor and the radiating ele-
ment to each other 1s provided 1n the rigid portion; and

the second interlayer connection conductor 1s non-linear.

4. The antenna module according to claim 1, wherein the
flexible portion bends.

5. The antenna module according to claim 1, wherein the
flexible portion includes at least a portion of a matching
circuit of an antenna including the radiating element.

6. An electronic device, comprising:

the antenna module according to claim 1;

a circuit substrate at which a high-frequency circuit
clectrically connected to the antenna module 1s located;
and

a housing accommodating the antenna module and the
circuit substrate.

7. The electronic device according to claim 6, wherein the

antenna module bends along a shape of the housing.

10
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8. The electronic device according to claim 7, wherein the 20

antenna module 1s 1n contact with the housing.
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